One recently completed randomized controlled trial (RCT) demonstrated the effectiveness of a doctor-office collaborative care (DOCC), relative to enhanced usual care (EUC), for pediatric behavior problems and attention-deficit/hyperactivity disorder. In this study, we sought to extend the literature by incorporating a cost-analysis component at the conclusion of the aforementioned trial. To our knowledge, it was the first study to examine whether the DOCC model leads to lower costs of mental health services for children. Method: Financial records from the RCT provided cost information about all the 321 child study participants in the 6-month intervention period, and claims data from insurance plans provided cost information about community mental health services for 57 children, whose parents consented to release their claims data, in both pre-and postintervention periods. Both descriptive and multivariate analyses were performed. Results: The DOCC group had higher intervention costs, but the cost per patient treated in the DOCC group was lower than the EUC group during the 6-month intervention period. In terms of costs of community mental health services, although the 2 groups had similar costs in the 6 months before the RCT intervention, the DOCC group had significantly lower costs during the 6-month intervention period and 6 or 12 months after the intervention, but not in the 18 or 24 months after the intervention. Discussion: The DOCC model has the potential for cost savings during the intervention period and the follow-up periods immediately after the intervention while improving clinical effectiveness.
but also may result in adverse consequences that persist long into adulthood (Kessler et al., 2005; Merikangas, He, Burstein, et al., 2010) . Despite their significant needs, most children with behavioral disorders do not receive treatment (Kataoka, Zhang, & Wells, 2002; Merikangas, He, Brody, et al., 2010) . Multiple factors contribute to the unmet need (Harrison, McKay, & Bannon, 2004; CDC, 2000; Zimmerman, 2005) , including poor access to and low quality of behavioral health care (Horvitz-Lennon, Kilbourne, & Pincus, 2006) .
A major initiative for improving health care access for children with mental disorders is to integrate behavioral health services into pediatric primary care practices (Asarnow, Kazak, Miranda, & Kolko, in press ), which already serve as their primary gateway into the medical system (Alakeson, Frank, & Katz, 2010; Borowsky, Mozayeny, Stuenkel, & Ireland, in press; Clamp & Kendrick, 1998; Grossman et al., 2000; Silver, Ireys, Bauman, & Stein, 1997; Silverstein et al., 2004; Smith & Sederer, 2009 ). The term integrated care has been described and defined in many sources. For example, the United States Substance Abuse and Mental Health Services Administration (SAMHSA) defines integrated care simply as the systematic coordination of physical and behavioral health care (see http://www .integration.samhsa.gov/about-us/what-is-inte grated-care). SAMHSA has articulated a 6-level continuum of integration that includes three primary phases: coordination (e.g., consultation between physical and behavioral health care providers), colocation (e.g., a separate behavioral health provider receives a facilitated referral to treat a patient from a partnered primary care practice down the hall), and collaboration (e.g., the primary care practice has its own integrated behavioral health provider who collaborates with practice staff to serve all patients). Collaborative care is one model of integration in which multiple providers in the same practice context provide comprehensive health care that incorporates several key principles (e.g., patient-centered team, population-based care, measure-based treatment, evidence-based care, accountable care; see http:// aims.uw.edu/collaborative-care/principles-col laborative-care).
Several intervention models have been applied to promote integrated care in pediatric settings, including expert consultation and provider skills training, colocated services, and collaborative care (Kolko & Perrin, 2014) . A recent review of empirical evidence supports the efficacy of these integrated care models (Asarnow, Rozenman, Wiblin, & Zeltzer, 2015) . Collaborative care models, in particular, were shown to yield among the highest improvement rates for child behavior problems.
As an illustration of the promise of collaborative care, we conducted two randomized controlled trials to compare effectiveness between a doctor-office collaborative care (DOCC) model and an enhanced usual care (EUC) paradigm . The trials demonstrated positive effects of the DOCC model on children's mental health problems and parental distress, relative to EUC (Kolko, Campo, Kelleher, & Cheng, 2010; Kolko, Campo, Kilbourne, & Kelleher, 2012) .
Determining the economic viability of integrated care models, such as DOCC, is important as the implementation of the Affordable Care Act is expanding insurance coverage for mental health care (Garfield, Zuvekas, Lave, & Donohue, 2011) and incentivizing integrated care for people with mental illness (Druss & Mauer, 2010) . Integrated care also represents a response to recent national mental health service initiatives (Merikangas, He, Brody et al., 2010; Merikangas, He, Burstein et al., 2010; Perrin & Sheldrick, 2012) , which aim to promote new delivery systems that (a) improve access to and quality of care, and (b) are sustainable in pediatric primary care settings. Unfortunately, there are few empirical studies examining the economic impact of integrating behavioral health services into primary care settings for children. Indeed, the economic potential of the integrated care model to address the unique needs of children has been suggested by researchers but has not been systematically tested before (Perrin & Sheldrick, 2012) .
Cost-analysis studies of mental health services in arenas other than pediatric primary care settings have begun to shed light on the economic costs of effective interventions (Latimer, Garièpy, & Greenfield, 2014) . For example, one study found an intervention to prevent adolescent depression led to only minimal increases in costs when compared to usual care (Lynch et al., 2005) . Another study reported that an evidence-based treatment (EBT) for adolescents with substance-use disorders was more cost-effective than usual care (Sheidow, Jayawardhana, Bradford, Henggeler, & Shapiro, 2012) . Cost savings have also been found for an EBT for traumatized youth (Greer, Grasso, Cohen, & Webb, 2014) .
We sought to extend the literature with this study by incorporating a cost-analysis component at the conclusion of the aforementioned DOCC trial . It is comparison between DOCC and EUC in terms of the costs associated with care delivery during the acute 6-month intervention phase and the costs of community mental health services in the preand postintervention periods. To our knowledge, the project is among the first to examine the costs of treating children with mental disorders using a collaborative care intervention in primary care settings, an area in which "there is still a huge knowledge gap" (Kilian, Losert, Park, McDaid, & Knapp, 2010) .
Method
Data About the RCT Sample. The original RCT recruited 321 children (5 to 12 years of age) and their caregivers across eight pediatric practices in Pennsylvania. Each practice was randomly assigned to the DOCC or EUC group. We recruited 160 children from DOCC and 161 from EUC practice settings who were followed up from 2007 through 2012. A full description of the sample and the screening and recruitment procedures can be found in another study . Supported by an administrative supplement, this cost-analysis component of the study was awarded at the time the parent RCT was nearing its completion.
Treatments for the two groups in the RCT. Four full-time care managers provided services to the two groups, including a brief screening, an assessment, and psychoeducation regarding the child's behavioral conditions and suggested interventions. A clinical supervisor also provided case supervision and quality monitoring over cases in the two groups for all care managers. A part-time (5%) study "back-up" psychiatrist was available to address diagnostic issues in both conditions and to provide clinical treatment support to the DOCC group only.
The DOCC model integrates personalized behavioral health services into pediatric primary care with primary care provider (PCP) collaboration. Specifically, mental health clinicians (e.g., social workers, licensed professional counselors with master's degrees) were trained as case managers to screen and treat behavior problems, ADHD, and anxiety, using evidencebased guidelines and consistent with the principles of the chronic care model in pediatric primary care. DOCC incorporated a trained care manager who collaborated with pediatricians and families to enhance interdisciplinary communication and access to personalized, evidence-based psychosocial and psychopharmacologic interventions.
In EUC, children and caregivers received screening, assessment, and brief psychoeducation from our care managers, and then they were referred to specialty mental health providers in local communities. Patients and their PCPs also received a copy of the assessment report.
Clinical and Implementation Outcomes
After the 6-month intervention period, DOCC (vs. EUC) was associated with higher rates of treatment initiation and completion, improvement in behavior problems, hyperactivity, internalizing problems, and consumer satisfaction . Further, DOCC was associated with improvements on several pediatric provider-implementation outcomes (e.g., change in skill and effectiveness in addressing behavior problems; Kolko et al., 2010 Kolko et al., , 2012 .
The Component of Cost Analysis
Perspective and time horizon of the cost analysis. The cost analysis is from a healthsystem perspective, not from a societal perspective, because we did not have information about parents' time and travel costs for seeking health care for their children. The time horizon for the cost analysis included the 6-month intervention period and four follow-up periods, that is, 6, 12, 18, and 24 months after the intervention ended. In all the analyses, costs were converted into constant 2010 United States dollars using medical consumer price-index information from the United States Bureau of Labor Statistics (2016).
Costs of intervention for the two treatment groups. For all the children enrolled in the RCT, we used the financial records maintained by the RCT team to calculate the costs incurred by the study project to prepare for and then implement the two treatment regimes. These costs included the training of the four care managers who served the DOCC and EUC groups, equipment (e.g., laptop computers), outreach and communication with families, and clinical service delivery during the 6-month intervention period. Although it was relatively straightforward to estimate the costs of training, equipment, and outreach and communication because the financial records provided direct information about these costs (e.g., computer costs for the DOCC and EUC group), it took us three steps to estimate the costs of clinical interventions, as described below.
In
Step 1, we estimated the costs of service delivery by four types of functions: back-up psychiatrist services, service supervision and monitoring, intervention preparation, and intervention-service provision. To calculate the costs of each function, our approach was to first use the financial records maintained by the RCT team to identify which providers were involved in a function for one of the study groups (DOCC vs. EUC), the hours spent on that function for the group by each of the involved providers, and the hourly wage of each provider. Then, we multiplied the hours by the hourly rate to calculate the costs of each provider for the group, and summed up across providers to generate the total costs of the service function for the group.
Step 2, we applied the above method to the first three types of functions: back-up psychiatrist service, service supervision and quality monitoring, and intervention preparation.
Step 3, for the fourth type of function, intervention-service provision, it is important to note that different types of providers were involved in intervention services for the two groups. Specifically, the intervention service was delivered and coordinated by the care managers of the DOCC group, whereas it was delivered to the EUC group by a community mental health provider to whom the EUC children were referred by their care managers. For the DOCC group, the RCT financial records provided all the information we needed for applying the above method. For the EUC group, the RCT financial records did not have hourly wage data on the community mental health providers, but the RCT team collected information about the specialty and degree of each community mental health provider that the EUC group visited. As in earlier research, (Donohue et al., 2014) , we downloaded from the Bureau of Labor Statistics (http://www.bls.gov/oes/current/oes_pa.htm#29-0000) information about hourly wages for mental health providers by specialty and degree in Pennsylvania, the state in which the RCT was conducted. Then, we applied the above approach to estimate costs of service delivery for the EUC group.
Utilization and Costs of Community Mental Health Services by the Two Groups
We used claims data to examine utilization and costs of mental health care provided by community caregivers for the study children, both before and after the RCT intervention. Of the 321 study children in the RCT, we were able to contact 277 families. Of those, 26 were not interested and 174 were interested, but did not return a consent form. A total of 77 returned their materials, and for 57 of them, including 25 and 32 children in the DOCC and EUC groups, respectively, we were able to obtain claims data from four insurance carriers. The claims data provided information about time and place a child used health services from a community health care provider, the International Classification of Diseases, 9th Revision (ICD-9) codes assigned (National Center for Health Statistics, 2015) , and costs (i.e., total amount paid by both insurance and the child's family). To identify mental health care utilization, we used ICD-9 Codes 294.9, 296.30, 296.7, 296.80, 296.90, 298.9, 299.00, 299.80, 300.00, 300.02, 300.9, 307.23, 309.0, 309.3, 309.4, 311, 313.81, 314.00, 314.01, V6120, 307.9, 308.9, 309.9, 327.40, and 78050. We used the claims data to estimate a series of two-part multivariate models, with the first part estimating the probability of using mental health care, and the second part focusing on the users of mental health care and estimating the costs of their mental health care (see a detailed discussion about the two-part model by Duan, Manning, Morris, & Newhouse, 1983) . As recommended by Manning and Mullahy (2001) , we compared alternative models (e.g., a logged ordinary least-square model vs. a generalized linear model [GLM] ) for the second part, and selected a GLM model with Poisson distribution and log link. To predict costs from the two-part models, we applied the method of recycled predictions by first setting the DOCC variable equal to 1 for the entire sample to predict costs for the DOCC group and then setting the variable equal to 0 for the entire sample to predict costs for the EUC group. We first used the process to calculate the difference in mean costs between the DOCC and EUC group. Then, we had this process bootstrapped with 1,000 repetitions, and used the sampling distribution of the bootstrap results to determine 95% confidence intervals for the difference in mean costs between the two groups. (For details of the bootstrapping process, see a theoretical discussion and a practical dem-onstration by Afifi, Kotlerman, Ettner, & Cowan, 2007) . We adopted the above procedures to examine the cost difference between the two groups at different periods, including 6 months before the RCT, during the 6-month RCT-intervention period, and then 6, 12, 18, and 24 months after the RCT-intervention phase.
Probability of Having Claims Data
Given the fact that we had received claims data for a limited number of children, there is a concern about a potential bias in getting the claims data between the DOCC and the EUC group. To address the concern, we estimated a multivariate logistic model to determine whether the two groups differed from each other in having claims data. The model controlled for demographic factors (i.e., gender, age, and race [Black and White]), insurance status (i.e., private insurance vs. Medicaid), mental health status at the end of the 6-month intervention period (i.e., Vanderbilt ADHD Diagnostic Parent Rating Scale (Wolraich, et al., 2003) , Clinical Global Impression Scale (Busner & Targum, 2007) , and Client Satisfaction Questionnaire-8 (Attkisson & Greenfield, 2004) ).
We also ran two separate logistic models for the DOCC and EUC group respectively to examine whether there are any significant differences within each group between those children with and without claims data in terms of demographic factors, insurance status and mental health status.
Results from the multivariate logistic models showed that the DOCC group did not differ significantly from the EUC group in having claims data (p Ͼ .05; see Table 1A in the Appendix for details), and that there were no significant differences between children with and without claims data within the DOCC or the EUC group (see Tables 2A and 3A in the Appendix). The results indicate that there was no selection bias in getting the claims data, either between the DOCC and EUC groups or within each group, suggesting that (a) the children with claims data had similar sociodemographic factors and mental health statuses to those children without claims data; and (b) more important, the costs estimated for the children with claims data represented, to a large extent, the costs for the entire sample. Table 1 summarizes intervention costs for the two groups. Compared with the EUC group, the DOCC group incurred higher training costs ($4,885.74 vs. $1,651.86), the same costs of outreach and communication (both at $900.00), the same costs of equipment (both at $2,200), and higher costs of clinical intervention ($73,717.87 vs. $36,891.35). The total costs for the DOCC group during the 6-month intervention period were almost double those for the EUC group ($81,704 vs. $41,643). However, the average cost per patient treated was lower for DOCC than EUC ($520 vs. $595) because almost every child (157 out of 160) in the DOCC group received mental health services from the care managers, whereas less than half of the children (70 out of 161) in the EUC group received mental health services, despite referrals by the care managers to community mental health providers. Table 2 summarizes the two-part models that analyze the claims data for behavioral health care utilization and costs. In the 6 months before the RCT intervention started, there was no significant difference between the DOCC and the EUC group in either the probability of using mental health services (p Ͼ .05) or the costs among users of mental health services (p Ͼ .05). During the 6-month intervention period, the DOCC group had both lower probability of using mental health services (p Ͻ .01) and lower costs among those who used mental health services (p Ͻ .01). In the 6 months after the intervention, the two groups did not differ from each other in the probability of using mental health care (p Ͼ .05), but among the users, the DOCC group had fewer costs (p Ͻ .01). Similarly, in the 12 months after the intervention, the likelihood of using any mental health care did not differ between the two groups (p Ͼ .05), but among the users, the DOCC group had lower costs (p Ͻ .05). In neither the 18 nor 24 months after the intervention was there a statistically significant difference between the two groups in terms of using mental health care or costs among the users. Table 3 summarizes the differences in community mental care costs between the two groups across periods, which were generated by applying the recycled prediction method to the two-part models. Although there was no significant difference in the costs between the two groups in the 6 months before the RCT intervention (p Ͼ .05), the two groups differed significantly in the costs during the 6-month intervention period, with the costs for the EUC group seven times higher than those for the DOCC group ($599.01 vs. $87.51, p Ͻ .05). In the 6 months after the intervention ended, the costs for the EUC group were 3.5 times higher than those for the DOCC group ($985.31 vs. $279. 55; p Ͻ .05) . Compared with the DOCC group, the costs for the EUC group were also nearly three times higher in 12 months after the intervention ended ($1,324.71 vs. $453.14; p Ͻ .05), whereas there was no significant difference between the two groups at 18 months (p Ͼ .05) or 24 months (p Ͼ .05) after the intervention ended.
Results

Intervention Costs
Costs of Community Mental Health Services
Discussion
Our analyses revealed that the DOCC group had higher intervention costs than the EUC group during the 6-month intervention period, but the cost per patient treated for the DOCC group was lower than for the EUC group. In terms of costs of community mental health services, although the two groups had similar costs during the 6 months before the RCT, the DOCC group had significantly lower costs during the 6-month RCT intervention, 6 and 12 months after the intervention Note. DOCC ϭ doctor-office collaborative care; EUC ϭ enhanced usual care; calculated by the authors using the financial records maintained by the randomized controlled trial team. ‫ء‬ Almost every child in the DOCC group received mental health services from the care managers. In comparison, less than half of the children in the EUC group received mental health services, despite referrals by the care managers to community mental health providers. Total Costs ϭ Initial training costs ϩ Outreach and communication costs ϩ Initial equipment costs ϩ Clinical intervention costs ϩ intervention preparation costs ϩ Intervention-service provision costs. Costs per patient treated ϭ Total costs divided by number of children treated.
ended, but not at 18 or 24 months after the intervention ended.
To our knowledge, this may be the first study to evaluate and document the costs of implementing the DOCC model, and possibly, any evidencebased, integrated, behavioral health care intervention program in pediatric primary care. The study findings reveal the model's strong potential of cost savings in terms of both the per patient costs for treatment during the intervention period and the community mental health care costs incurred during the 6-month RCT, and in the follow-up periods of 6 and 12 months after the intervention. Outcome data from the parent RCT study demonstrated enhancement in child and parent benefits for the DOCC group, including significantly greater reductions in the severity of behavior problems, hyperactivity, and internalizing problems, greater remission of behavior and internalizing problems, a higher proportion of overall treatment responders, fewer parents rating their children as difficult, fewer parent-child dysfunctional interactions, and less parental distress related to child behavior (See details in . Combined with the current study results that DOCC led to lower costs of mental health care, these findings suggest that DOCC offers a more cost-effective option than EUC for treating children with behavioral problems in primary care settings. It is plausible that the greater clinical effectiveness in DOCC reduced the need for ongoing or follow-up behavioral health services over the next year. The findings are similar to those reported by two earlier studies of behavioral services for youth. One was by Sheidow and colleagues (2012) , who found that a 12-month evidence-based treatment for youth with substance-use disorders was more cost-effective than the usual care during period, and the other was by Greer and colleagues (2014) , who documented cost savings of evidence-based treatments for traumatized youth. In addition, one recent collaborative care RCT study examining treatment of adult depression also revealed that the collaborative care program was cost-effective during a12-month study period. (Donohue et al., 2014) Our finding that the DOCC group had significantly lower mental health care costs than the EUC group at the 6-and 12-month follow-up periods, but not at 18 or 24 months after the intervention ended, suggests that the cost difference between the two groups narrowed as the study children moved further from the intervention. There are several possible reasons for the finding. First, it is possible that the brevity and low dose of the intervention may not have been sufficient to exert clinical effects more than a year after the intervention ended. Second, it is also possible that the study children had other developmental transitions or emerging family issues that needed to be addressed after the intervention ended. The study's limitations merit discussion. First, we were able to obtain claims data for a small number of children because we received the supplemental funding for this analysis after the RCT had ended. The fact that it took us more than a year to get the limited number of consent forms and another year to get the claims data demonstrated the difficulty in obtaining parent consent for this study, which involved trying to retrospectively obtain children's claims data after the parent RCT ended. Future researchers may avoid such difficulty by using a prospective study design to get parental consent for children's claims data as part of an RCT. Second, our sample was from an RCT and may not represent the general pediatric population. For example, our sample did not include any uninsured children or Hispanic children. Third, this study looked specifically at costs of mental health services. It remains an important topic for future analyses to examine how the collaborative care model affects broader health care costs (e.g., medical, pharmacy).
Given the high prevalence of behavioral problems among children, as well as the urgent need of cost reduction in the United States health care system, our finding of the cost savings by the DOCC model suggest that the model represents a welcome option for treating children with mental disorders in primary care settings. However, few studies have examined the costs of using this option in a large-scale implementation for treating children with mental disorders (Kilian et al., 2010) . Thus, more studies are needed to understand whether pediatric practices are willing to adopt this option, and whether the option is financially viable and sustainable in a large-scale implementation program using existing resources in routine pediatric practice settings.
Finally, we would like to highlight several practical reasons for encouraging the use of collaborative care models (e.g., the DOCC model) that support integrated services (see Kolko & Perrin, 2014) , such as its feasibility, clinical effectiveness, heightened consumer satisfaction, coordination and continuity of care over time, and potential cost savings related to less use of restrictive and costly placements or other services. To realize these potential benefits, payers and policymakers who seek to promote this model are encouraged to: (a) consider ways to partner and train behavioral health specialists and PCPs in the same setting, (b) identify organizational and financial strategies to support the implementation of a collaborative care model, and (c) monitor and evaluate patient outcomes on both physical and mental health measures to document the key benefits to integrated care. Attention to these developments may provide compelling practical knowledge to support system change innovations that can enhance both health care and health outcomes. 
